Objective: This study was conducted to validate the Advanced Test of Attention (ATA) of the visual attention version of Japanese children with attention deficit/hyperactivity disorder (ADHD) and to evaluate the efficacy of methylphenidate (OROS-MPH) and atomoxetine medications. Methods: To assess pharmacotherapy efficacy, the visual version of ATA was administered to 42 children with ADHD. Results were assessed using discriminant analysis, ANOVA for indices of ATA before and after medication treatment, and correlation analysis between the improvement of indices of ATA and clinical symptoms during medication treatment. Results: Discriminant analysis showed that 69.0% of ADHD children were assigned correctly. The T score of commission errors increased as the trial progressed on the medication-off condition. T scores of commission errors and standard deviation of response times on medication-on condition were low compared to the medication-off condition. A few significant correlations were found between the improvements of indices of ATA and ADHD-Rating Scale (RS) during treatment. Conclusion: The performance of the visual version of ATA on medication-off condition reflected the features of ADHD. Furthermore, the medication treatment effects were confirmed sufficiently. In addition, results suggest that indices of ATA reflected aspects of ADHD symptoms that are difficult to elucidate for ADHD-RS. For assessing symptoms and effects of medical treatment in children with ADHD, ATA might be a useful assessment tool.
INTRODUCTION
Attention-deficit/hyperactivity disorder (ADHD) is characterized by a persistent pattern of inattention and/or hyperactivity-impulsivity that interferes with functioning or development in more than one setting, according to the Diagnostic and Statistical Manual of Mental Disorders fifth edition (DSM-5). 1) If left untreated, ADHD, which has been estimated to affect about 5% of school-aged children, 1) can influence children's studies, family settings, and social life. Recent neuropsychological reports have described that ADHD is likely to be attributable to impairment of executive functions in the frontal lobe, and especially in the prefrontal cortex. 2, 3) Executive function is the cognitive management of the human brain, responsible for planning, working memory, impulse control, inhibition, and shifting set as well as the initiation and monitoring of action. 2, 4) Children and adolescents with ADHD experience much more difficulty related to these functions in their daily life than people without symptoms of ADHD.
To treat these difficulties, pharmacological therapy is widely used. Only osmotic release oral system methylphenidate (OROS-MPH) and atomoxetine (ATX) are approved for the treatment of ADHD in Japan. MPH, which is known to block the dopamine transporter and enhance dopamine release, 5, 6) has been shown to affect brain func- Values are presented as mean±standard deviation (range). IQ, intelligence quotient; FIQ/FSIQ, full or full-scale IQ; ADHD, attention deficit/hyperactivity disorder. ADHD, attention deficit/hyperactivity disorder; ASD, autism spectrum disorders; LD, learning disorders; ODD, oppositional defiant disorder; CD, conduct disorder; RAD, reactive attachment disorder; OROS-MPH, osmotic release oral system methylphenidate; ATX, atomoxetine.
tions, [7] [8] [9] and to improve performance on executive function such as spatial working memory, response inhibition, and set-shift. 5) Actually, ATX, which functions as an inhibitor of norepinephrine uptake, is a long-acting medication. 6) Its effectiveness is shown to persist into the evening hours and until the next morning. 6, 10) ATX also is reported to improve cognitive abilities that show a deficit attributable to ADHD. 6) For assessing neurocognitive deficits of children and adolescents with ADHD, Continuous Performance Tests (CPTs) are often used. CPTs have demonstrated sensitivity to executive dysfunction, especially the attention system. 11, 12) As a standardized CPT, the Advanced Test of Attention (ATA) was developed and sold in Korea. 13 ) ATA was standardized with Korean children without ADHD and the standard scores of indices are calculated after completion. For assessment of ADHD or evaluation of medications, although it is important to compare standard scores of the same age group, no standardized CPT exists in Japan.
The study aims were to validate ATA of the visual attention version in Japan, and to evaluate the efficacy of medication treatment (OROS-MPH and ATX) using ATA. Although the ATA consists of a visual test and an auditory test, auditory test is more difficult than visual test and less sensitivity in differentiating subject with ADHD and control. 14) Therefore, only a visual test was performed.
METHODS

Participants
The Ethics Committee of the University of Fukui approved the study protocol . The authors have no financial conflict of interest to declare in relation to this study. Informed consent was obtained from all children and their caregivers. Participants in this study were 42 (36 boys, 6 girls) Japanese children with ADHD (mean age±stadard deviation [SD], 9.9±2.3 years; range, 6-14 years), 17 were inattentive, and 25 were combined type (5 participants and 1 participant were female, respectively). The diagnosis was made by four child psychiatric specialists on DSM-5 according to information related to their developmental history and current clinical pictures from semi-structured interview to parents and behavioral observation. For children who were diagnosed previously, the above-mentioned specialists reassessed their symptoms on DSM-5. Thirteen children were examined using the Japanese version of the Wechsler Intelligence Scale for Children third edition (WISC-III; mean full intelligence quotient [IQ]±SD, 98.2±11.4; range, 75-115). Others were examined using the fourth edition (WISC-IV; mean full-scale IQ±SD, 94.1±14.2; range, 60-122). More detailed information is presented in Table 1 .
Twenty-three children were also diagnosed as having autism spectrum disorders (ASDs), seven children as having learning disorders, three children as having oppositional defiant disorder, and one child as having conduct disorder and reactive attachment disorder.
Thirty-three children were treated with OROS-MPH; nine were treated with ATX. More detailed information for each subgroup is presented in Table 2 .
Measures
Advanced Test of Attention
The ATA, developed at Seoul National University College of Medicine, is a computerized cognitive test that measures a child or adolescent's sustained and selective attention and impulsivity. 13) Although the ATA consists of a visual attention test and an auditory attention test, only a visual attention test was undertaken in this study, as described above. Regarding the visual attention ATA, the target or non-target stimulus generates 100 ms every 2 seconds for 15 minutes (5 minutes for five-year-olds, 10 minutes for six-year-olds). The target stimulus is a triangle; non-target stimuli are a circle and a square.
Children press the button when target stimuli are presented. ATA is divided into three sections of 5 minutes. The rate of target stimuli changes in each section. The rate of the target is 22% in the first section, 50% in the second section, and 78% in the third section.
After completion, the ATA shows age-adjusted T-scores (mean=50, SD=10) of four indices, omission errors, commission errors, response time (RT), and SD of RTs overall (through the whole task), and for each section. An omission error occurs when a child fails to press the button when a target stimulus is presented. It reflects the child's sustained attention. 15) A high T-score of omission error means that the number of omission errors was large, signaling poor attentivity. A commission error occurs when a child presses the button when non-target stimuli are present, indicating the child's impulsivity, poor self-regulation, and inhibitory control. 15, 16) A high T-score of commission error means that commission errors occurred frequently, signaling poor control. The RT is the length of time from the onset of the target stimulus to pressing the button. The RT is said to reflect attention distraction and the response preparation of executive function. 15, 16) High T-scores of RTs mean that the RT is longer than the average RT. Thereby children are slow to react. The SD of RTs stands for the variation of the RT. Because this is attributed to the presence of numerous abnormally slow RT, The SD of RTs is typically interpreted as reflecting occasional lapses in attention. 17, 18) The high T-score of SD of RTs means that the SD of RTs was large. In other words, the RT was not stable.
In actuality, ATA is also called "ADHD Diagnostic System (ADS)". [13] [14] [15] As its name suggests, ATA judges "ADHD", "suspicion of ADHD", and "normal" according to the performance of each participant. When one or more of four total T-scores (omission errors, commission errors, RT, and SD of RTs) exceeds 65 (over 1.5 SD), ATA judged the performance of the participant as "ADHD" range. When one or more of these total T-scores exceeds 60 (over 1.0 SD), ATA judged the participant as "the suspicion of ADHD" range.
ADHD Rating Scale (ADHD-RS)
ADHD-RS consists of 18 items that met DSM diagnostic criteria of ADHD, of which 9 items are related to inattention, 6 items are related to hyperactivity, and others are impulsivity. 19) There are a parent-complete version and a teacher-complete version, 18 items in both versions have a 4-point-Likert scale (0=none, 1=mild, 2=moderate, 3=severe). As results of ADHD-RS, three scores (inattentive score, hyperactivity/impulsive score, total score) were calculated. A higher score indicates higher severity.
Procedure
First ATA was explained to a child and caregiver(s); then the child completed the visual attention test of ATA in a quiet room. Caregivers filled in ADHD-RS while the child worked on ATA.
Of the nine children treated with ATX, none had been prescribed medication for ADHD treatment: they were drug-naïve. Therefore, all children first completed the ATA in a medication-off condition, and then in a medication-on condition after at least 21 days (84.0±51.4 days; range, 21-205 days). Of 33 children treated with OROS-MPH, 10 children had not been on medication treatment (drugnaïve), 23 others had been treated with OROS-MPH. All 33 children of OROS-MPH group completed the ATA in a medication-off condition to match the paradigm for ATX and completed the medication-on condition after at least 14 days (43.3±49.9 days; range, 14-244 days). For the medication-off condition of 23 children who had taken OROS-MPH, we scheduled a longer than 24-hours period from the last time they had taken medication.
Caregivers filled in ADHD-RS on both clinical pictures of medication-off and medication-on. For drug-naïve children, we used ADHD-RS score caregivers filled in at their first hospital visit for the medication-off condition, and therefore before any treatment. For the medication-off condition of children who had been treated with OROS-MPH, caregivers filled in the child's clinical pictures of losing the effects of OROS-MPH, for example after 12 hours from taking medicine or during a drug holiday.
Statistical Analysis
First, analysis of the ATA judgments was clarified. Furthermore, to determine if the rate of ATA judgments changed after medication, we compared the number of participants divided into three judgments ("ADHD", "suspicion of ADHD", and "normal") on each condition (medication on and off) with every subgroup, using exact tests. Secondly, discriminant analyses using a predictive model based on linear combinations of the predictor variables that provide the best discrimination between the groups. 20) Analyses were performed to ascertain whether the ADHD group could be differentiated based on T-scores of each index in each section (12 indexes; omission errors, commission errors, RT, and SD of RTs in three sections) for the medication-off condition. To conduct discriminant analysis, data of Korean control children were included for use in standardization.
Next, a 2 (subtype: inattentive, combined)×2 (medication: off, on)×3 (ATA section: Sections 1, 2, 3) mixed model analyses of variance (ANOVA) was undertaken for each index of ATA. From the perspective of clarifying medication efficacy, it is appropriate to include the medication type condition. However, only two children were diagnosed as inattentive ADHD and treated using ATX (Table 2) . Therefore, the medication type condition was excluded from this research. The age condition was also excluded because of the use of an age-adjusted standard score as a dependent variable for analysis. Although suggestion of a relation between ATA and IQ was reported 15) and although some research found a relation between IQ and CPT performance, 21, 22) partial relation 23) and slight correlation 24) were also reported. Consequently, it is too early to be sure of a relation between IQ and CPT performance. Additionally, some children completed the WISC-III, whereas others completed the WISC-IV in this study. Therefore, the condition of IQ was also excluded from these analyses. A Greenhouse-Geisser (GG) correction for sphericity was applied to meet the requirements of compound symmetry. Finally, for revealing correlations between the improvement of clinical symptoms and the improvement of ATA indices, correlation analyses were done. We defined the improvement of clinical symptom as the value obtained from subtracting the medication-on ADHD-RS score from medication-off ADHD-RS score, and defined the improvement of ATA as the value subtracting each T-score of medication-on from medication-off. We used IBM SPSS Statistics software ver. 22.0 (IBM Co., Armonk, NY, USA) for the statistical analyses described above.
RESULTS
ATA Judgments and Discriminant Analyses
The ATA judgments for ADHD diagnosis are presented in Table 3 . ATA judged 12 out of 17 (70.6%) children of the inattentive group and 20 out of 25 (80.0%) children of the combined group as ADHD or ADHD suspicion in a medication-off condition. We administered an exact test by each group. Neither result was significant (inattentive p=0.50, combined p=0.06). Therefore, the rate of children who were judged as having ADHD or ADHD suspicion did not change after medication treatment. As a result of the discriminant analysis based on all T-scores, 89.6% of the control children and 69.0% of ADHD children were assigned correctly (Wilks' lambda=0. 79 
=0.01).
Post hoc comparison with Bonferroni adjustments demonstrated that the T-scores of Sections 2 and 3 were higher than that of Section 1 in the medication-off condition (both p＜0.01). The T-scores in all sections in the medication-on condition were lower than in the medication-off condition (all p＜0.01).
Regarding Response Time, the main effect of the section was significant (GG: =0.02) were significant. T-scores of the Inattentive group and the medication-on condition were lower. In the section condition, T-scores of Section 3 were higher than those of Section 1 (Bonferroni adjusted post hoc, p=0.04).
Furthermore, no main effect or interaction with omission error was found. The mean of the T-score on each level was under 60. 
Correlation Analysis
For the score of ADHD-RS, 33 caregivers (14 from inattentive group, 19 from combined group) filled in all items of ADHD-RS; 9 were excluded because of missing values or difficulty in filling in the form in a medication-off condition (Fig. 2) . To examine the effects of subtype (inattentive and combined), medication (off and on), and ADHD-RS subscale (inattention, hyperactivity/ impulsivity), a mixed ANOVA was done using scores of ADHD-RS as the dependent variable. Interaction among subtypes and medications and subscales was significant (F [1, 31] =5.72, p=0.02, η 2 =0.01). Post hoc comparisons revealed that medication-off scores were higher than medication-on scores at all levels (all p＜0.01).
A significant improvement in ADHD-RS scores was found during the follow-up period with OROS-MPH or ATX medication. Significant correlation was found between the improvement of inattentive symptom score and the improvement of omission errors in Section 3 (r=0. 40, p=0.02) , and between the improvement of hyperactivity/ impulsivity symptom score and the improvement of omission errors in Section 3 (r=0.47, p＜0.01) and of the SD of RTs in Section 1 (r=0.43, p=0.01) as shown Table 4 .
Effects of Medication Treatment by MPH and ATX
For confirmation of the treatment effect depending on the type of medicine, a 2 (type of medicine: MPH, ATX)×2 (medication: off, on)×3 (ATA section: sections 1, 2, 3) 
DISCUSSION
Validation of ATA Visual Attention Version in Japan
For ADHD judgment of the ATA visual test, 12 out of 17 (70.6%) children of the inattentive group and 20 out of 25 (80.0%) children of the combined group were judged as having ADHD or were suspected of having ADHD in a medication-off condition, 69.0% of ADHD was correctly assigned for discriminant analysis. Corbett and Constantine 25) reported that discriminate function analysis using omission and commission errors differentiated 66.7% of ADHD children from ASD and control with different CPT. Perugini et al. 26) reported sensitivity of the CPT index as 0.67. The discrimination values of this study replicate those of such previous studies, and reflect the validity of ATA.
For commission errors, the main effect of subtype and the interaction between medication and section was significant on ANOVA. Commission error, as described above, putatively reflects impulsivity, self-regulation, and inhibitory control. 15, 16) Therefore, the higher T-score of the combined group than the inattentive group and mean T-score over 60 in the combined group reflected that ATA has sensitivity to impulsivity. Furthermore, the lower T-score of Section 1 in the medication-off condition means that the age-adjusted standard score increased as the trial proceeded; it might reflect the difficulty of sustained attention and the lessened ability to maintain a tonic state of alertness during prolonged and sustained mental activity for ADHD. 27) Therefore, for commission error, these results were appropriate to assess ADHD.
In SD of RTs, the main effects of subtype, medication, and section were significant. As described above, the SD of RTs is said to reflect occasional lapses in attention. 18) Although many studies have treated RT variability, none of the differences between subtypes has been reported. 28, 29) Some results indicated that it was related to the inattention and hyperactivity. 30, 31) Therefore, it is said that this result replicates only a fraction of those earlier research results. For the main effect of section, the T-score of Section 3 was higher than that of Section 1 in this research, which also might reflect the difficulty of sustained attention of ADHD. 27) Furthermore, no main effect or interaction was found with omission error. The mean T-scores in all conditions were less than 60. The rate of target increases as the task progresses, and opportunities that children have to press also increase. Therefore, omission error, failing to press, tended not to occur even in the mid-to-late section, which might reflect the difficulty of sustained attention.
As explained above, the result of ATA reflected features of ADHD and replicated previous studies, especially in commission errors and SD of RTs. Previous reports described that comorbid ASD and LD did not affect the performance of CPT. [32] [33] [34] Moreover, the number of each comorbid disorder was a small complex for adding to the factor of ANOVA. Therefore, we ignored the factor for each comorbid disorder. Consequently, the results of this study indicate validity and availability of ATA for assessment in Japan.
Effects of Medication
According to the ANOVA results of commission errors, medication decreased commission errors in the mid-to-late section. This result, showing that medication decreases commission errors, matches those of earlier studies. 14, 35, 36) No main effect or interaction related to medication effect on omission errors is shown in previous research using ATA (ADS), which is often said with MPH. 14, 36, 37) However, the pattern by which MPH decreases only commission errors, as in this study, was reported also from previous studies with MPH. 38, 39) Furthermore, T-scores of omission error in this research were in the normal range in the medicationoff condition, so medication treatment effects in omission error were slight if they existed at all. Additionally, ANOVA shows medication effects on SD of RTs. This result demonstrates that medication made the RT stable. Although the mechanism of SD of RTs remains controversial and remains to be resolved in detail, 18) ANOVA results in this research replicated the medication effects on SD of RTs. 17, 35) Those results proved that ATA can evaluate the efficacy of medication treatment.
Correlation analysis found a few significant correlations. Regarding improvement of omission error, significant correlation was found with improvements of clinical symptoms in Section 3. According to improvement of SD of RTs, significant correlation exists with improvement of hyperactivity/impulsivity in Section 1. Presumably, the difficulty of sustained attention as trials advanced was especially great in Section 3, so children whose ADHD traits are high might have failed to react to targets in Section 3 on medication-off condition. Thereby, the sensitivity to detect the improvement of ADHD traits measured by ADHD-RS might be high in Section 3. Furthermore, the relation between improvement of reaction time variation and hyperactivity/impulsivity was outstanding in the beginning section. This may mean that children whose hyperactivity/impulsivity was high showed difficulty reacting stably in the beginning of task under medication-off condition. And, the sensitivity to detect improvement of hyperactivity/impulsivity measured by ADHD-RS might be high in Section 1 with SD of RTs. For these reasons, the results of significant correlations were appropriate. Moreover, they reflect ADHD clinical pictures.
However, at this point, one important matter to mention is that ATA might assess the aspects of inattention and hyperactivity/impulsivity that are difficult to elucidate by ADHD-RS. Although both in ATA and ADHD-RS, medication effects were observed clearly in this research, few significant correlations were found between the improvement of ATA indices and ADHD-RS. ATA assesses children's ADHD symptoms with a computer for 15 minutes, but not in a daily situation. The scores we obtain are objective behavioral indicators using a fixed paradigm and standard score. In ADHD-RS, however, caregivers filled it in based on their observation in daily living. The score includes a subjective viewpoint and might be incongruent if two individuals evaluate the same child's behavior or improvement. Therefore, correlation was not significant between the improvement of commission error, which reflected great medical improvement on ANOVA, and ADHD-RS. In sum, we would like to emphasize that child's symptoms or treatment effects are assessed from various perspectives, and ATA which can assess the symptoms of individual objectively with fixed paradigm and standard score is good way for it. Additionally, we think that examining whether ATA can measure "acute effect of medication (pre-and post-medication effect in a day)" makes it useful clinical tool, and this is an issue in the future.
Effects of Medication Treatment between MPH and ATX
Between MPH and ATX, no interaction or main effect was found. Some differential effects were found between MPH and ATX on executive function tasks that might depend on action mechanisms in previous studies, 40 ,41) which we will need to redefine, but the effect of medical treatment was shown clearly in ATA. Even considering the limitation that MPH and ATX were mixed for medication treatment and children treated with ATX were only nine in all, medical treatment for children with ADHD was shown to be worthwhile with Japanese children using ATA.
The aims of this study were to validate the visual attention version of ATA in Japan, and to evaluate the efficacy of medication (OROS-MPH and ATX) treatment using ATA. The feature of ADHD was reflected especially in the mid-to-late section with ANOVA. These results replicated those of previous studies. Although ATA was developed and standardized with Korean children and adolescents, results of this research proved the validity of ATA of the visual attention version in Japanese children with ADHD. Indices of ATA improved during medication treatment. A few significant correlations were found between the improvement of ATA and ADHD symptoms with medication treatment. Results suggest that ATA can evaluate the efficacy of medication treatment and suggest that indices of ATA reflect aspects of ADHD symptoms that are difficult to elucidate for ADHD-RS. Additionally, we were able to expand interpretation using standardized tasks. For example, significant medication effects are not apparent in omission errors because these indices were in the normal range for the medication-off condition. Such an interpretation with mean, SD, and normal range is a great benefit of standardized tasks. These interpretations with ATA are useful for Japanese children with ADHD.
It is noteworthy that we must carefully interpret the ATA performance. Although ATA judges ADHD, the suspicion of ADHD or lack thereof, these ATA judgments should be interpreted as only one aspect of ADHD features. Moreover, we must regard the results of this research as reflecting the ADHD group trend. Therefore, some individuals might make many omission errors and few commission errors; some might show improved performance in the early section. Assessment should be done of various aspects and clinical features of each.
This research entails some limitations to be solved for better assessment for ADHD. First, we should analyze differences between MPH group and the ATX group. The different mechanisms of action between MPH and ATX might produce different performance with ATA paradigms. Second, because only a few girls were enrolled in this study, we did not include a gender factor in ANOVA. Therefore, it will be necessary to conduct this study with more children to clarify the effect of these factors. Third, many children were diagnosed with comorbid psychiatry disorders, and we did not include IQ scores in the analyses. These are natural and useful results for actual clinical situations, but it will be necessary conduct a study of the same paradigm with children who are diagnosed as having only ADHD and controlling IQ to establish a pure effect on medication effects to ADHD symptoms on ATA. Furthermore, indices of ATA appear to reflect aspects of ADHD symptoms that are difficult to be reflected on ADHD-RS. Better assessment is necessary to clarify differences between indices of these tools. Finally, many aspects of the paradigm require modification. For example, medication conditions should be counterbalanced between participants, and the same number of days between medication off and on condition was needed for MPH and ATX treatment. After surmounting these obstacles, ATA will be a better assessment tool for individuals with ADHD or other disorders.
